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• Statistics on both military and civili3n aviation accidents clearly demonstrate that the majority of aircraft accidents are attributable to "pilot error". In most cases, this error is one of risk assessment and/or decision making --pilot judgment. Although pilot judgment is a factor in every flight situation, it is of the greatest concern in those situations in which complex tasks are carried out under conditions of uncertainly, time pressure and stress (Brecke, 1982; Jensen, 1982) . Pilot judgement has been defined as:
••. the mental procees by which the pilot recognizes analyzes, and evaluates information regarding himself. the aircraft, and the outside environment.
The final step in the process is to make a decision pertaining to the safe operation of the aircraft and to implement the decision in a timely manner (Berlin, Gruber, Holmes, Jensen, Lau. Mills and O'Kane. 1982. p. 4.) The need for a more f1 exible approach to pilot judgment training was recognized in the U.S. Air Force more than a decade ago with the implementation of the Situational Emergency Training (SET) program (Thorpe. Martin, Edwards, and Eddow€s, 1976) .
Later, high-fidelity full-mission flight simulation. known as Line-Oriented Flight Training (LOFT), was employed for training pilots who serve in multi-crew environments (Lauber and Foushee, 1981) . Cockpit Resource Management (CRM) is another model for aircrew training which was built upon the basic LOFT paradigm. CRM focuses on decision-making and crew coordination (Cooper, White, and Lauber, 1979) , and has now become a major component in the training programs for air-carrier and military transport personnel.
5. (Berlin et. a1., 1982 ).
An independent evaluation of these training materials was subsequently carried out in Canada using a sample of civilian Air
Cadets. In this study too, subjects who received judgment training did significantly better on the observation flight than did control subjects (Buch and Diehl, 1984) . While these studies employed classroom instruction in the judgment-training concepts along with coordinated in-flight activities, a second Canadian study demonstrated that the use of self-paced student manuals alone could also result in a significant improvement in observation flight performance (Buch and Diehl, 1983) .
A recent field study conducted at FBO flight schools used subj ects more representative of the general population of student pilots (Diehl and Lester, 1986) . In this experiment too, these 6. 
METHOD Subjects
The subjects were randomly selected from among Aeronautical
Science students enrolled in a Principles of Flight Instruction course at Embry-Riddle Aeronautical University. At the outset of the experiment, all subjects held a Private Pilot certificate with an Airplane Single Engine Land rating. Three control group subjects and si:x subjects in the experimental group also held multi-engine ratings.
Subjects were randomly assigned to either the experimental or control 7.
group. There was no significant different between the experimental ;md control grollp either in age (t 0.93, df 27) or flight experience (t = 1.06, df 27). The number of subjects in each group, their mean age, and mean flight experience is shown in Table 1 .
Procedure
The experimental design compared the performance of 16 pilots who received classroom instruction and simulator training in aeronautical decision making \"i th that of 13 subj ects tra.ined under a control condition which focussed on basic instrument flying. Before and after this training, subjects in both groups were evaluated on simulated cross-country VFR flights. .. for each subject were selected by the instructors on an ad hoc basis from among those listed in Table 2 .
The duration ane complexity of the flights increased systematically over the course of the four simulations as shown in Table 3 .
Subjects in the control group received four hours of classroom instruction on basic instrument flying from the same ERAU faculty member who taught aeronautical decision making to the experimental group. They also participated in four instrument flight simulator training sessions. These simulations followed the same time schedule and were conducted by the same flight instructors who conducted the simulator training for the experimental group.
The performance of subj ects in both groups was evaluated on flight simulations administered before and after the training. Before beginning these pretest and posttest simulations, each subj ect was reminded that he was to act as the pilot-in-command of a night cross-country VFR flight which was to be conducted as a Line-Oriented These items appear in Table 4 . This procedure yielded a score which could range from zero to ten for each subject. • experimental or control group, or whether the flight represented a pretest or posttest simulation.
Using both a graphic record of the flight and the checklist described above, raters assigned a score ranging from -5 to +5 to each flight. A rating of +5 indicated the "best possible judgment", while a rating of -5 was applied to the "worst possible judgment". Raters were instructed to base the ratings on their expectations for an average general aviation pilot with 200 hours of flight experience.
They were specifically cautioned to avoid evaluating the "skill" of the pilot.
RESULTS & DISCUSSION
The scores assigned by the five rater-s were summated by computing the median score for each subject's pretest and posttest flight.
These median ratings were compared to the checklist scores assigned by the experimenter at the time of the flight, and a high level of agreement was noted. Pretest checklist scores correlated r = +0.64
with median pretest ratings, and post test check list scores correlated r = +0.86 with median posttest ratings. This suggest that both measures of the dependent variable reflect the same dimension, presumably that of judgment, risk assessment and decision-making ability.
11.
The effects of the special training were examined using both the checklist scores and the median flight ratings as indices of change.
Random assignment was effective in equating the experimental and control groups at the outset of the experiment. There was no significant difference between the experimental and central group in either pretest checklist scores (t = 0.43, df 27) or in ratings of the pretest flight (t = 0.38, df ~ ~7). This data is shown in Table   5 .
An examination of the post test flight records revealed a highly significant difference between the experimental and control group on both measures of the dependent variable. Both checklist scores (t = 8.41, df = 27) and flight ratings (t = 4.57, df = 27) indicated that the experimental group performed significantly better on the post test than did the control group. This data is shown in Table 6 . The pretest and post test checklist data for both groups is depicted graphically in Figure 1 . The flight ratings data are shown in Figure   2 .
A sontewha t more sensitive measure of change is provided by using each subj ect as their own control and examining the changes in the dependent variable measure from pretest to post test . This change score reflects a highly sjgnificant difference between the experimental and control group with respect to both checklist scores (t = 7.39, df = 27) and flight ratings (t = 5.14, df = 27). Compared with the control group, the experimental group evidenced a signif-12.
icantly greater amount of change on both variables following training.
ThiE data is shown in Table 7 and illustrated graphically in Figure 3 .
IMPLICATIONS & CONCLUSIONS
The results provide an e~ceptionally clear demonstration of the effectiveness of the simulator-based judgment training program.
Subj ects who received four hours of classroom instruction in risk assessment and decision making followed by four instructional simulations in which they experienced several critical in-flight events performed significantly better than did control group subjects \Jhen later evaluated on their handling of such events. This suggests that effective judgment training can be accomplished without reliance upon actual aircraft flight time.
Moreover, the study also demonstrated that the judgment training program can be used effectively with pilots who are beyond the ab initio stages of their training.
In contrast to previous investigations, all of the subj ects in the present study were well beyond the private pilot certificate when they began their training.
The manual used herein was designed for students who are beginning their instrument training, and is more appropriate to the Air Force UPT Program than earlier versions of civil pilot judgment training materials.
13. 14. Traditional pilot training emphasizes the pilots knowledge about the aircraft and the flight environment. Judgment training focuses on the pilots ac,di tional need for accura te and complete self-knowledge.
The success of this training course thus greatly depends upon teaching the student to think more carefully and throughly about his attitudes ano behaviors.
Upon completion of this lesson and when presented with a series of true flying situations the pilot will be able to identify hazardous thought patterns and substitute thoughts which promote good judgment.
21. 25. ********************************************************************** FLIGHT PLAN (Circle the appropriate number to the left of the plan used)
NAME -----------------------------

